X-ray fiber diffraction data shown in Figure S1 and Table 1 in text were collected at the BL45XU beamline (S1) of the SPring-8 synchrotron radiation facility. The diameter, wavelength and flux of the beam was 0.3 (H) x 0.2 (V) mm, 0.09 nm and 2x10 11 photons/sec, respectively. The imaging plate was placed at around 3.29 m from the specimen. The imaging plate was exposed for 4 min after the alignment of the specimen by continuous shear flow was established.
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Diffraction patterns were analyzed using the custom-made program. The background scattering was subtracted by the method as described (S2,S3) . Calibration was done by using diffraction patterns from lead stearate or collagen fibers, using the known powder diffraction and helical pitch as standard for calibration. Diffraction peaks were determined by fitting of Lorentzian peak functions by using a commercial software package (SigmaPlot, Systat Software Inc., San Jose, CA). The p-values of less than 0.01 were considered statistically significant and the data presented here have p-values lower than the criterion.
As wrote in the main text, being compared with the wild-type axonemes, the 1/24 nm -1 (fourth of the 96 nm repeat) and the 1/12 nm -1 (eighth) meridional reflections are weaker in oda1 mutants but they do not completely disappear in oda1. In the absence of the outer arms, the peak derived from the radial spokes (1/32 nm -1 ) does not significantly change its position and width. In the patterns from pf14, the third (1/32 nm -1 ) and seventh (1/13.7 nm -1 ) reflections almost disappear, meaning that the intensities of these reflections mainly come from the radial spokes. Even in the absence of the radial spoke, the peak position and the width of the peak of pf14 axonemes do not change significantly in comparison to those in wild type.
The stability of the structure of the axoneme was now confirmed. To interpret the results of mutant studies about flagellar motility, we should assume the structural integrity: the mutations do not lead to severe and global structural perturbation of an axoneme. Figure S1 . Profiles of the meridional reflections recorded from axonemes of the wild type (wt), the outer-arm-less mutant (oda1) and the radial spoke-less mutant (pf14). The concentration of the wild-type axonemes was lower than others, which makes the profile noisy. The profiles are from the patterns shown in insets of each profile.
Evaluation of fitting the model to the diffraction data and the likelyhood of the results
Models of axomenal components were constructed as described in the text. A diffraction pattern calculated from the model in Figure 6 reproduced the observed equatorial intensities as shown in Figure 7 . In order to quantify how well the diffraction data match these models and to compare the model parameters, we used χ 2 (chi-square) as a fitting statistic. The difference between the data and the model was calculated and the uncertainty on the data was weighted. Because of the large differences in signal amplitude between in the lowangle region and in high-angle region, we applied the weight on the differences in the highangle region 10 times larger than those in the low-angle one. Figure S2 is the plot of the χ 2 (chi-square) values as a function of outer arm, inner arm and spoke densities of the models.
As wrote in text, the observed intensity profiles were compared with those calculated from a model based on electron micrographs of Chlamydomonas flagella. The non-microtubule parts were divided into three areas, outer dynein arms, inner arms and radial spokes, and their densities independently varied in six steps (0%, 40%, 80% ... 200%). A total of 63 = 216 models generated was evaluated by the χ 2 (chi-square) values. Even with these coarse models, the global minimum of the χ 2 (chi-square) values was found uniquely as shown in Figure S2 . 
